The variation of body temperature response and C-reactive protein (CRP) levels with age was investigated. A crosssectional study on new outpatients between January 2004 and June 2005 was carried out. Body temperature and serum CRP levels were examined for screening purposes in 1081 patients. Mean axillary body temperature was maintained at around 36.7°C in early adulthood, and gradually declined in middle age. Middleaged and elderly outpatients tended to show a lower body temperature response than the young, even with the same CRP levels. The critical age (boundary age) was assumed to be when the relationship between body temperature response and CRP level changed. This study suggests that the boundary age is about 40 years old.
Introduction
In Japan, the measurement of body temperature with an axillary thermometer is very common. Axillary temperature can be taken safely and the axillary temperature plus 1 ºC is equivalent to the rectal temperature. 1 Brain temperature in patients under hypothermia management and in normothermia appears to be about 1°C higher than the axillary temperature. 2 The accuracy and reliability of axillary body temperature as an index of body core temperature is appropriate clinically. Body temperature is one of the major factors in ascertaining the presence of systemic inflammation in outpatient departments. A large survey in the UK, found a deep body temperature of < 35.5°C in 10% of the elderly population. 3 Other studies have indicated accidental hypothermia and impaired temperature homeostasis in elderly people, 4,5 and others have indicated that flu-related fever 6 and fever from lower respiratory tract infection 7 are sometimes absent in elderly people ≥ 65 years old. Some studies have suggested that the early detection of infectious disease is more difficult in the elderly because typical signs and symptoms, such as fever and leucocytosis, are frequently absent. 8 Body temperature and C-reactive protein in outpatients C-reactive protein (CRP) is released by the liver during episodes of acute inflammation and it has been shown to be a predictor of various disorders, such as infections, 9 cardiovascular events, 10,11 collagen diseases and malignant tumours. 12 A low CRP level does not always mean that there is no inflammation present. CRP is checked frequently for screening purposes and has been shown to be a simple marker among the elderly for identifying those at high risk for infection. 7 Patients who are fever-free but have a high serum CRP level are sometimes encountered.
Although both body temperature and CRP levels are frequently studied, no previous study has analysed whether the relationship between body temperature response and CRP differs with age. This study investigated the relationship between axillary temperature and age in outpatients with levels of CRP < 1.0 mg/l (CRP-negative), and analysed the age-dependent relationship between body temperature and CRP.
Patients and methods

PATIENTS
Patients who visited the Gunma University Hospital, Japan, for the first time as outpatients between January 2004 and June 2005 were examined by a general physician as part of the initial consultation. Age, body temperature, serum CRP levels and the presence or absence of fever, as noted from the examination, were subsequently analysed in this investigation. CRP had only been measured on the doctor's recommendation if the subject described suspicious symptoms of a potential inflammatory disorder, such as fever, lymph node swelling, eruption or body pain. Subjects who did not undergo CRP measurement or those without fever were excluded from the analysis. Axillary temperature was recorded using a  digital  display  electronic  armpit  thermometer (Termo, Tokyo, Japan; precision ±0.1°C). Axillary temperatures were taken mid-morning during the first medical examination in a resting state by a clinical nurse.
THERMOMETRY
LABORATORY ANALYSES
Venous blood was drawn on the same day as the body temperature was taken. Serum CRP concentrations were measured by latex agglutination turbidimetric immunoassay (Denka Seiken, Tokyo, Japan) using a Hitachi 7450 clinical analyser (Hitachi, Tokyo, Japan) in the examination room of the hospital. The error tolerance for CRP was < 0.5 mg/l; a reading of ≥ 1.0 mg/l was regarded as positive.
Cultivation tests and antibody detection were used to identify the following diseasecausing organisms: hepatitis A, B and C viruses, influenza A and B viruses, adenovirus, Epstein-Barr virus, HIV, human T-cell lymphotropic virus type 1, measles virus, rubella virus, varicella virus, the mumps virus, Treponema pallidum, group A streptococci, Clostridium difficile and the O157 strain of the E. coli bacteria. According to need, we undertook microbiological staining and cultivation for various types of bacteria, and occasionally outsourced laboratory testing to identify rare pathogenic microorganisms. The subjects were classified into the following four underlying disease groups: infection, malignancy, allergy and autoimmune disease, and others.
ANALYSIS PROCESS AND STATISTICAL ANALYSIS
Means ± SDs of body temperature were calculated separately for the following two Body temperature and C-reactive protein in outpatients groups: CRP-negative (CRP < 1.0 mg/l) and CRP-positive (CRP levels ≥ 1.0 mg/l). The mean body temperature for a particular age (standard body temperature) was derived for the CRP-negative group using intervals of 5 years. Body temperature (BT) responses were derived using the following equation:
BT response (°C) = observed BT -standard BT.
For
the CRP-positive patients, the relationship between body temperature responses and CRP levels was calculated in the age groups: young (<40 years), middleaged (40 -64 years) and elderly (> 65 years). Analysis of covariance was used to test whether the relationship between the body temperature response and CRP levels differed with age. The gradients of the lines of regression between body temperature response and CRP for each age group were compared.
The critical age (boundary age) was taken to be when the relationship between body temperature response and CRP level changed. Analyses of covariance were conducted, shifting the boundary age by 5 years. The F-ratios of the interaction between age and CRP on body temperature response were computed for the assumed boundary ages, and the maximum F value indicated the most likely boundary age.
The difference in underlying disease between young adults (< 40 years) and older patients in the CRP-positive group was tested by χ 2 -test.
All analyses were conducted using Statistica TM 98 J (StatSoft Japan Inc., Tokyo, Japan). Two-tailed P-values of < 0.05, after correction using the Bonferroni method, were considered to be statistically significant.
Results
The notes from a total of 2348 new outpatients were entered for analysis in this study. Almost all patients (96.3%) had their body temperature taken and over half (54.0%) were given medical treatment without the measurement of CRP. Both body temperature and serum CRP levels were examined for screening purposes in 1081 patients (594 women and 487 men with a mean age ± SD of 47.4 ± 19.0 years) and these patients were the ones assessed in this study. The CRP-negative group (CRP < 1.0 mg/l) consisted of 434 outpatients and the CRPpositive group (CRP levels ≥ 1.0 mg/l) consisted of 647). There were 228 young (< 40 years), 252 middle-aged (40 -64 years) and 167 elderly (> 65 years) patients in the CRP-positive group.
The characteristics of the study subjects are presented in Table 1 .
RELATIONSHIP BETWEEN BODY TEMPERATURE AND AGE
The relationship between body temperature and age in the CRP-negative group is presented in Fig. 1 . The mean axillary temperature was maintained at 36.7°C in young adulthood and gradually declined during middle age. After 65 years old, axillary temperature was between 36.0 and 36.5°C. The relationship between body temperature and ageing in the CRP-negative group was similar in males and females and, as there was also no age -gender interaction on the body temperature response according to two-way analysis of variance (Newman-Keuls method), all subsequent analyses were performed without gender distinction.
AGE-DEPENDENT RELATIONSHIP BETWEEN BODY TEMPERATURE RESPONSE AND CRP
Scatter plots of the relationship between body temperature response and CRP levels in the young, middle-aged and elderly groups Body temperature and C-reactive protein in outpatients Data are means ± SD, apart from the female/male ratio. The gradient was steeper in young adults than in middle-aged (F = 17.3, P < 0.001) and elderly people (F = 11.2, P = 0.003). The gradients of the lines of regression showed no significant differences between middle-aged and elderly people. The P-values were adjusted by the Bonferroni method.
BOUNDARY AGE
The critical age (boundary age) was taken to be when the relationship between the body temperature response and CRP level changed. The calculated F-ratios are shown in Fig. 3 and the maximum F-value indicates the most likely boundary age. The F-ratios 
F-value
Age group (years) Body temperature and C-reactive protein in outpatients peaked at age 40 (F =18.08, P < 0.0001; adjusted by the Bonferroni method) and then gradually decreased.
UNDERLYING DISEASE IN THE CRP-POSITIVE GROUP
The boundary age at which the body temperature response declined was 40 years old; therefore, young adults (< 40 years old) and older patients (≥ 40 years old) with underlying disease were compared. The CRPpositive patients were divided into four underlying disease groups according to the results of cultivation tests or antibody detection: infection, allergy and autoimmune disease, malignancy and others. Differences in underlying disease between young adults and older patients in the CRP-positive group are shown in Fig. 4 . Young adults had a two-fold higher proportion of 'infection' than older adults, but older people tended to have a higher incidence of 'malignancy'.
ANALYSIS OF THE GROUPS WITH INFECTION
Scatter plots of the relationship between body temperature response and CRP levels in the young, middle-aged and elderly groups with infection are shown in Fig. 5 . The relationships between body temperature response and CRP levels were statistically significant for each group: (i) body temperature response of young group (°C) = 0.017(CRP [mg/l]) + 0.09 (r 2 = 0.32, P < 0.001, SE ± 0.7); (ii) body temperature response of middle-aged group (°C) = 0.007(CRP [mg/l]) + 0.08 (r 2 = 0.23, P < 0.001, SE ± 0.7); (iii) body temperature response of elderly group (°C) = 0.006(CRP [mg/l]) + 0.2 (r 2 = 0.15, P < 0.001, SE ± 0.9). The intercepts of regression were not significant and bordered on zero. In this limited number of cases, the gradient of the regression line was steeper in young adults than in middle-aged (P = 0.03) and elderly people (P = 0.03). The P-values were adjusted by the Bonferroni method. 
Discussion
In recent studies, CRP has been shown to be an independent predictor of the risk of cardiovascular events. 13 Currently recommended CRP cut-off points are < 1.0 mg/l for low risk, 1.0 -3.0 mg/l for average risk and > 3.0 mg/l for high risk of cardiovascular events; 14 therefore, the CRPnegative patients in this study were at low risk for inflammatory disease, including asymptomatic cardiovascular inflammation.
At present, there is little information about axillary body temperature, but it has been suggested that the reference interval for axillary temperature is 35.5 -37.0°C. 15 This range is the mean ± 2SD of the axillary body temperature for healthy elderly people (> 70 years old, n = 50). In the present study, the mean ± 2SD of axillary body temperature in the CRP-negative group was 35.8 -37.4°C (15 -84 years, n = 434). This range is about 0.3°C higher than in previous studies. According to the results of the relationship between body temperature and ageing in the CRP-negative group, axillary temperature was maintained around 36.7°C in young adulthood, and gradually declined between 40 and 65 years of age. After 65 years old, axillary temperature was 36.0 -36.5°C. This pattern was independent of gender and therefore was not attributable to the hightemperature phase in women of reproductive age. This study included more young people than previous studies and this may have contributed to the higher mean body temperature.
Sometimes CRP levels are high in the elderly but body temperature is normal. The relationship between body temperature, CRP level and age variability parameters was investigated, but the intercepts of the regression expressions were not significant and bordered on zero. This indicated that body temperature in the CRP-positive group was similar to that in the CRP-negative group at the minimum CRP value. The steepest slope was found in the youngest age group, suggesting a lower body temperature response in middle-aged and elderly outpatients than in the young, even with the Elderly Body temperature and C-reactive protein in outpatients same CRP value. No previous studies have investigated the age at which patients develop this tendency. The F-ratios were calculated and found to peak at 40 years of age, thereby indicating this to be the boundary age, i.e. the approximate age at which the relationship between body temperature response and CRP level started to change significantly. The mechanism of this phenomenon is uncertain, but the following hypothesis is proposed that involves the difference between young adults and older patients with underlying disease in the CRP-positive group. Young adults had a higher proportion of 'infection' than older people, whereas older people had a higher proportion of 'malignancy' compared with young adults. From comparison with the mean value, patients with infection show a high CRP value and high body temperature response value, and patients with 'malignancy' show a high CRP value and a moderate increase in body temperature response value. It is not possible to reject completely the possibility that the gap in body temperature response from underlying disease may be involved in the difference between young adults and older patients. To explore this possibility, a limited secondary analysis of patients with infection was undertaken. In these limited numbers of cases, the gradient of the regression line for body temperature response and CRP was steeper in young adults than in middle-aged and elderly people, indicating the existence of another mechanism.
A second hypothesis concerns the immunological difference between young adults and the elderly. Various host cells, especially macrophages and T-cells, produce endogenous pyogenic cytokines. Cytokines cause fever by initiating metabolic changes in the hypothalamic thermoregulatory centre. 16, 17 Ageing is accompanied by the global impairment of immunity, mostly cellmediated immunity. 18 Involution of the thymus begins at 10 years old and it is completely replaced by adipose tissue at 50 years old. Thymic hormones disappear by about 60 years of age. 19 Relatively little information is available on cell-mediated immunity in old age, but responsiveness to neoantigens may be particularly compromised in the elderly due to early involution of the thymus, which leads to a shrinkage of the naïve T-cell range. A recent study demonstrated a sharp decrease of naïve T-cells with age, from 800 cell/µl in young adults to 177 cell/µl in centenarians. 20 Age is the most important factor for achieving complete remission after chemotherapy for adult acute lymphoblastic leukaemia, as the complete remission rates and favourable prognosis decline after 40 years of age. 21 These facts are consistent with results in the current study, and the impairment of cellmediated immunity may, therefore, contribute to the tendency of middle-aged and older outpatients to show a lower body temperature response than the young.
In conclusion, axillary body temperature measurement is suitable for outpatients and elderly people, because it can be taken without danger of infection and is not influenced by the presence of earwax; however, few studies have investigated how axillary body temperature varies with age. This study provides information on the mean axillary body temperature derived from three age groups for CRP-negative outpatients under identical conditions. Middle-aged and elderly outpatients showed a statistically significant lower axillary body temperature response than the young, even with the same CRP levels. This study suggests that further blood examination, including CRP, may have clinical benefit for patients older than 40 years old, even if the patient
